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or rendered irreversibly unresponsive. This is
supported by the additional finding that when
the tolerant X mouse bearing a Y skin graft is
injected with lymphocytes from a normal adult
X mouse, the Y graft is rejected, i.e. tolerance
is abolished.

Tolerance may be induced also to foreign
proteins by injecting them into the fetal or neo-
natal animal, but to maintain such tolerance it
is necessary to administer repeated injections of
the antigen. Thus classical tolerance is main-
tained only so long as the antigen persists in
the host. As an explanation, it is suggested
that, when lymphocytes become committed to
recognise a particular antigen, they pass
through an immature stage during which en-
counter with the antigen promotes their death or
non-responsiveness: if antigen is continuously
present it will 'catch' potentially responsive
lymphocytes at this stage and tolerance will
persist. Mature lymphocytes are more likely to
mount an immune response on encountering
the antigen. It follows that widely spaced pulses
of antigen should favour an immune response,
as indeed they do.

Although tolerance is most readily induced
in immature animals, adults may also be ren-
dered tolerant and Mitchison (1967) showed
that this could be achieved by administering
repeated injections of either very low or very
high doses of antigen to adult mice. Interme-
diate doses induced an immune response. The
explanation is that tolerance is readily induced
in T lymphocytes by very small or very large
doses of antigen, while B-lymphocyte tolerance
is induced only by very large doses of antigen
(Fig. 5.29). It follows that high dosage sup-
presses both the T-cell response (cell-mediated
immunity) and the B-cell response (antibody
production). If the antigen is T-dependent (p.
129), as in Mitchison's experiment, then low
dosage, by inducing T-cell tolerance, will in-
hibit also the antibody response. For T-inde-
pendent antigens, however, low dosage will
induce suppression of cell-mediated immunity
but there will still be antibody production: this
is sometimes termed split tolerance or immune
deviation*

In fact, the situation is more complex than stated
above, for any particular antigenic determinant will
be bound by many lymphocytes with different speci-
fic receptors (p. 127). Some of these cells will have
receptors which make a 'good fit' with the antigen
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Fig. 5.29 The induction of immunological tolerance
to a 'thymic-dependent' antigen by administration of
very small or very large amounts of the antigen.

and bind it firmly; others will bind it less well be-
cause it fits their receptors poorly. These factors will
influence not only the amount of antibody pro-
duced, but also its avidity."A high concentration
of antigen which induces non-responsiveness of
strongly-binding cells may stimulate an immune res-
ponse in those binding the antigen less firmly, with
consequent production of a relatively small amount
of antibody of poor avidity. The same considera-
tions apply to T lymphocytes, and accordingly toler-
ance is not an all-or-nothing phenomenon. Any anti-
genic stimulus is likely, in fact, to induce tolerance
in some potentially responsive lymphocytes and an
immune response in others.

Well-established tolerance to an antigen can some-
times be broken down by administering the anti-
gen incorporated in Freund's adjuvant (p. 114) or
by administering a closely related cross-reacting
antigen. The mode of action of Freund's adjuvant is
uncertain, but abolition of tolerance by a closely re-
lated antigen is probably explained by Mitchison's
work with hapten bound to a protein carrier. As
already noted (p. 129), he showed that antibody pro-
duction to the hapten is dependent on a T-cell res-
ponse to antigenic determinants of the carrier pro-